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ABSTRACT

TN

Values for the refractive index structure coefficient, Cn2, were deter-
; mined from spaced temperature probe measurements and from measuremgnfs
: of the log-amplitude variations in a laser beam. The values of Ch“ ob-
p tained from the optical measurements were smaller Thsn the values obtained
from the temperature measurements., Variations in C,“ derived by tne two
methods were in good agreement even though the values obtained optically
are over a 440-meter path while the temperature-derived values are
essentially point measurements. The variat.ons in the measured horizontal
winds along the leeward side of the optical path showed a structure
closely related to the optically derived an variations.

kR N e

.
3
4
-
L
k4
:
f
| it
Py
S

~f

~N\ ..

et e e



DaASALER R AL LW LI S icatte CLadte LY A LRt e SrEGEENL A F N LRGSR A MRS TLACE M S MR R S S B AL it I St NS L ML R AL RN AL LA Al A ot b et S T A A SR A Al L 00 >

e

-

E CONTENTS

? Page
; I NTRODUCT I ON - Ll ® [ . » * . L ] [ ] . * . L] L] L] L] ) . L] L] L ] * ] . L] '

3 THEORY o o o o v o o o e e e e et et e e e e e e e e

EXPERIMENT o & & ¢ o 6 ¢ o v o o o o o o o s o o o s o s 0 s 0. 2

st S N S 3 £ L AT R TN VT S NI D AT PG nar f Hre Y et ek

: DISCUSSION & v v v v o v o e v ot v v v v vt s e o, 4

: LITERATURE CITED &+ & o v e e o e e e e e e e e e e e e e 0

:

§ ‘:
3
ks

g: 3

R o

37 ARV

Laar

STAFNT A by

BTN

Preceding page blank

.
»
Iy
3




N T CAT G 6 O T R e BRI A 2R v rda Y ik § oo SIS FRIT A T T TR QLT ROMATA VT, 0

:5
B

3
v
:

]

]
A
4
1

i

3

1 INTRODUCT ION

Inhomogeneities in the clear atmosphere affect the propagation of optical
beans. In partic:lar, atmospheric turbulence will induce amplitude and
phass va: iations in optica! signals. Thus, the optical signals contain
Y11 rmati~n on the turbulence characteristics. The atmospheric-induced
vigrel ve it .ons also result in limitations in the use of laser signals ;
for _uronice vons or rumote sensing. The validity of theoretical pre- : :
diction« ::- issumptions cuiacerning the interaction between atmospher.c '
turbule . and the optical signal can bz investigated by making simul-,
4 taneous measurements of laser propagation characteristics and direct

3 measurements of atmospheric turouience.

T T Y
LY R L TINY

The refractive index field measured by the variance of the optical beam ,
amplitude is an integra! measurement providing a result which is a

weighted average over al! turbulent scales within the propagation path,

The direci meteorological measurements are yenerally point measurements

that involve determination of temperature variations or temperzture dif-

ference variations at one or more points along the path [IJ. Gne point

of interest is how the general meteorological conditions affect the tur-

hulence values obtained from the two different measurements. The char-

acteristics of the wind field near the surface will determine, because

of the mixing, the intensity of the temperature variations along the

optical pat:, and this will influence the refractivity field. Also, as

the surface wind characteristics depend on the surface roughness, it is

believed that both wind and surface effects will be factors in determin- :
ing the characteristics of the temperature fluctuations or turbulence.
Observations for this study were taken over a rough desert surface.

SRS S SN RS L AR T EE Z TS W SR+

THEORY

The random characteristics of the atmospuere can be described in terms \
of structure functions [2]. A temperature structure function can be ‘
determined from a measurement of temperature difference between “wo
points separated by a distance r with £, << r << L, where £, and lo i
define the inner and outer scales of the inertial subrange, respectively.

: The structure function takes the form

o _ 2 2/3 _ 2 - .

) D*—C*r -<(T2—T|)>. n

SN O BT AUV NP IS ST ST T1)%. 7

Here D4 is the structure furction, C; is the structure coefficient which
relates the observed temperature difference, T2 - T, between the two

7 points to their separation, r. Accordiig to the Kolmogorov theory, C?I
does not depend on r within the inertial subrange. In the same way, a
reiractivity swructure function, D,, car be written as |
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n. Cn

Since the refractivity field for bpfical wavelengths is primarily de-
pendent on the temperature fluctuations, C,“ can be related to C+2 by

3]

oo 2 .42
2 _"11.6 p'° [, , .00753" -12 2
Cn —.L-—T‘_T-E- 'Ll +-—T-— x 10 C'f (3)
4 . J

where p is the'pressure in millibars, T is the temperature in degrees
Kelvin and X is the signal wavelength in micrometers.

The amplitude variations of an'opflcal signal can be expressed as the
log-amplitude variance; Cp(0). Fried [4] has shown that for a spherical
optical wave subject to atmospheric turbulence, Cp(C) can be expressed
by '

i .
1, "7/6 11/6
Cp(0) = .124°2% | ¢ 2 (8)
£ i.k‘ - n
where L is the propagation path length in meters, and A is the signal
wavelength in meters.

Thus, for a given wavelength, the refractive index structure coefficient,
an, can be determined through Equations (1) and (3) from the appropriate
metenrslogical measurements, or optically through Equation (4) from a
measurement of the log-amplitude variance observed in a laser beam.

EXPERIMENT

The basic experimental configuration employed is shown in Figure 1. A
Spectra Physics model 132 helium-neon laser provided a | mw, single
mode, .6328 micrometer, optical signal with a beam divergence of | milli-
radian. This provided sufficient beam diameter at the detector to mini-
'mize gny effects due fo beam wander. The signal detector consisted of

a 10 A interference filter followed by'a | mm aperture in front of a
photomuitiplier tube, RCA type 6199, A horizontal path 440 meters in
length, about 3 meters above the base of a roughened desert surface at
White Sands Missile Range, New Mexico, served as the propagation path,
Surface roughness was the resuli of wind erosion and consisted of hill-
ocks about | to 2 meters high and about 10 meters in diameter. A de-
+ailed description of the site is given by Hansen [5] where he computed
a roughness length, zé, of 20 cm, '
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Figure I, Block diagram showing the basic experimental configuration.
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The propagation path was to the windward of and parallel to a line of

five poles which are part of a meteorological instrumentation array
described by Armendariz, et 2., [6]. Temperature and vector wind mea-
surements were available at various levels to 32 meters. Measurements

of T2 - Ty = AT near the center of the optical path, 3 meters above

the surface, were obiained from two fine wire (.00l in.) copper-constantan
thermocouples separated vertically by 20 cm,

The output of the photomultiplier, which is proportional to the incident
irradiance, was fed to an electronic processor which computed the log-
amplitude variance of the cptical signal. The output of the processor

is
C£(0) =<(in A -<ln A>)2> (5)

where A is the amplitude of the detected beam. After Cp(0) was obtained,
Equation (4) was used to compute the refractive index structure coefficient
CnZ. The time constant associated with the averaging of the In A and

of the squared difference between the logarithms wey 25 seconds. This
instrument was calibrated by applying a biased square wave as a substitute
for the photomultiplier signal and comparing the output of its processor

to the calculated log-amplitude variance of the square wave,.

The input to the electronic processor associated with the temperature

di fferential measurement was proportional to the differential potential
between two series~connected thermocouples. This difference was squared
and averaged, again using a time constant of 25 seconds. Thus, the
output of the electronic processor for temperature measurements is pro-
portional to <(AT)%>. Calibration was accomplished by providing fixed
voltage inputs which correspond to the thermocouple outputs over the

ranges of AT expected.

Cbservations were made continuously from 1000 MDY July 28, to 140G MDT
July 29, '271 over the path previously described, with the mean wind
directior nearly perpendicular to the laser path. Analog recordings
were obtained showing the data from the Cp(0) and - 8T2 processors along
with data from an Eppley Model 50 pyranometer that measured ihe solar
intensity. These data were also fed to a digital processor, which pro-
vided |5-minute averages and time information. The wind and temperature
sensors on the meteorological array were sampled at 4 sec™', and these
deta were also averaged over |5-minute intervals.

DISCUSSION

Figure 2 shows a typical 60-minute interval representing CZ(O),<:AT2>
and solar intensity for a seven-hour period of analog data taken on
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(S.1.). (Cp(0) bottom, «<(AT)Z> middle, S.l|. top) July
28, 1971, White Sands Missile Range, New Mexico.
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July 28, 1971, Each point of Figure 3 is a |I5-minute average of the
above data. As expected, the analog record shows that the refractivity
coefficient as obtainable from Cp(0) does not display the fine structure
evident in the refractivity obtainable from<AT4s, but the low-frequency
characteristics of the two curves are nearly identical. This latter
point is demonstrated by the similarity exhibited by the averaged values
of Cp(0) and ATZ>,

The refractive index structure coefficients, Cn2, were calculated from
the Cp(0) and <ATZ. data by using Equation (4) and Equations (!) and (3),
respectively, Including the calibrations for the electronic processors.

In general, the extent of the_variations in an as determined from Cg(0)
was smaller than those for C,“ obtained from the temperature measurements.
This has been Sbserved by Kerr [7]. To obtain the same range of varia-
tTion [n the Ch“ measured by the two methods, the Cg(0)=-derived values

of Cph2 were multiplied by |.7. The resultant values for the |5-minute
averages are compared in Figure 4. There Is a reasonably good agreement
in the general shapes of the curves.

Figures 5 and 6 compare the turbulence measurements with the average
winds measured near the path. Figure 5 compares the variations in the
I5-minute averages of Cp(0) and in the averaged magnitude of the hori=-
zontal wind measured near the center of the optical path. Figure 6
shows the variations of averaged Cg(0) compared to the average magnitude
of the horizontal wind along the entire path. Between 1000 and 1400
hours, the magnitude variations for the path-averaged and the midpath
winds were almost ldentical. After 1400 hours, the log-amplitude vari-
ance changes were more |ike the path-averaged wind variations. Under
the wind conditions which prevalled, the variation in Cg(0) is inversely
related to the vartations of average \'ind speed aiong the path, and
there is almost a cne~to-one correspondence over a two-hour period about
noon, Although the. ATZ:>and Cp(0) variations were similar, as shown

in Figure 3, the variations in Cg(0) follow more closely the variations
in the average wind speec along the path., Thus, under light wind condi-
tions, the log-amplitude variance changes appear related to the average
win¢ speed changes along the path,

The inverse relationship between Cp(0) and average wind speed can be
explained by the character of the mixing. For low wind speeds, bubbles
of warm air are moved up Intact thus causing large temperature differ-
ences [8]. With increased wind, the bubbles are broken up and the temp-
erature differances become smaller. Since the winds near the surface
are affected by the terrain, i+ is likely that the correlation betwsen
Cp(0) and wind will depend on the surface characteristics.,
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